mixture, and 1,4-dioxane + 2-propanol + 1,1,2,2-tetrachloroethane ternary one, there is no V E data report.
Experimental

Materials
CAS registry number, supplier and purity of 1,4-dioxane, 1,1,2,2-tetrachloroethane and 2-propanol are reported in Table 1 . The chemicals were used without further purification.
Density measurements for the pure liquids were carried out at the temperature range T = [283.15 to 318.15] K and at atmospheric pressure, and well compared with open literature data [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] in Table 1 . The observed deviations between our experimental density values and the literature data are small and would probably be due to the difference in the origin and purity of the compounds and also to other conditions such as humidity and pressure
Apparatus and procedure
As in our previous work 7 , densities of binary and ternary mixtures and pure liquids, were measured using an Anton Paar vibrating U-tube densimeter (Model DMA-5000), where the temperature was automatically regulated to ± 0.01 K. All the mixtures were carried out by mass using a Metler balance. The ternary mixtures were prepared by adding the third component (1,1,2,2-tetrachloroethane) to fixed mole ratio of 1,4-dioxane (1) + 2-propanol (2) binary mixture. The mole fraction ratio, x 1 /x 2 , has the values; 3, 1 and 1/3. Uncertainties of masse, and density measurements were estimated to be ± 1.10 −3 g, and ± 10 -5 g cm -3 , respectively. For the molar fractions and the excess molar volumes, the calculated uncertainties are of the order ± 10 −3 and ± 4 10 −3 cm 3 mol −1 , respectively.
Results and discussion
Binary mixtures
The experimental values of density for pure components and for binary mixtures were used to calculate the excess molar volumes, using the following equation:
Where, x i, M i and i  are the mole fraction, the molecular weight and the density of the component i. respectively.  is the mixture density. n stands for the number of components.
The experimental values of density, , and of excess molar volumes, V E , for 1,1,2,2tetrachloroethane containing binary mixtures, at all studied temperatures, over the whole mole fraction range, are reported in Table 2 . Those for 1,4-dioxane + 2-propanol mixture were reported in our previous work. 7
The experimental V E values are fitted to the Redlich-Kister equation: 28
The parameters A i in eq 2 are reported in Table 3 along with standard deviations, , calculated by using eq 3: The partial molar volume, V i , of a component i, is given by the following equation:
was obtained by differentiation of eq 2, which leads to the following equations for the partial molar volumes of the components 1 and 2, respectively:
The excess partial molar volumes,
are also calculated.
Setting (x 1 = 0) in eq (5) and (x 2 = 0) in eq (6), leads to eqs (7) 
Rearrangement of eqs 7 and 8 leads to eqs 9 and 10, for the excess partial molar volumes of components at infinite dilution, Tables 4 and 5 .
Ternary mixture
For the ternary mixture 1,4-dioxane (1) + 2-propanol (2) + 1,1,2,2-tetrachloroethane (3), the excess molar volumes, 
Where the binary contribution to excess molar volume, E bin V /cm 3 mol −1 , is given by:
Where E jk V is given by eq 2. The i B adjusted values along with the standard deviations are reported in Table 7 .
Our experimental binary V E results, for 1,1,2,2-tetrachloroethane containing binary mixtures, were also illustrated graphically. The V E values, for 1,4-dioxane + 1,1,2,2tetrachloroethane are reported in Fig. 1 together with the literature V E data 12,13 for comparison. Fig. 1 shows that this mixture presents negative V E values, over the mole fraction range and at all working temperatures. It can be seen also, that the V E -curves are asymmetrical, slightly skewed toward the chloroalkane high mole fraction, and the V E magnitude decreases as the temperature rises. Fig. 1 , shows a good agreement between our V E values and those reported in literature at 293.15 and 303.15 K. 12, 13 The V E values, for 2-propanol + 1,1,2,2tetrachloroethane mixture, are reported in Fig. 2 . This mixture presents sigmoidal-V E curves.
As the temperature increases, the positive V E values increase whereas negative V E values decrease. As far as we know, there is no V E report, for this mixture, in the open literature. The experimental V E results, for 1,4-dioxane + 2-propanol mixture, have been reported in our previous work [7] and well compared with corresponding literature V E data. [8] [9] [10] In another hand, various thermo-physical and thermodynamic property data, reported in the literature, [8] [9] [10] [11] shown that the dispersive forces between unlike molecules predominate in the mixture behavior.
It can be seen from Table 6 V values, in the 1,1,2,2tetrachloroethane poor region, and negative V E 123 values for x 3 > 0.15, at working temperatures. For the chloroalkane-poor region, as the alcohol ratio increases, the V E 0.135 and x 2 = 0.45, for a value of -0.196 cm 3 mol -1 and a maximum, for 0.005 cm 3 mol -1 , at x 1 = 0.75 and x 2 = 0.25.
The excess molar volume values are the result of several opposing effects and, also, mainly depends upon the balance between a negative contribution to V E , due to the interactions between unlike molecules or to structural effects such as interstitial accommodation or changes in free volume, and a positive contribution to V E , due to the interactions between like molecules or changes in the molecule self-association. So, the negative V E values, presented by the 1,4-dioxane + 1,1,2,2-tetrachloroethane mixture, over the whole composition and working temperature ranges, is due to the predominance of the negative contribution to V E which results from specific intermolecular interactions between unlike molecules in this mixture. It should be pointed out, that this behaviour was reported, for mixtures of 1,4-dioxane with numerous chloroalkanes, by several other authors. 12,13, [30] [31] [32] [33] [34] [35] [36] [37] The sigmoidal-V E curves, observed in Fig. 2 , for 2-propanol + 1,1,2,2-tetrachloroethane mixture, result from the balance between two main contributions to V E values. Once, positive, probably due to the break-up of associates in the pure state, such as the self-association in the pure alcohol and dipole-dipole in the chloroalkane, which is more significant in the chloroalkane-rich region. The second one, the negative contribution, results from the possible formation of specific interactions (OH…Cl) between unlike molecules, and the geometrical fitting of one molecule in the structure of the other, due to the difference in molecular size of the components; the molar volume of 2-propanol, equal to 76.94 cm 3 •mol -1 , is lower than 1,1,2,2-tetrachloroethane molar volume, equal to 105.75 cm 3 •mol -1 , at T = 298.15 K. The negative contribution predominated the V E values in the alcohol rich region. The V E values for the binary mixture of 2-propanol with 1,1,2,2-tetrachloroethane increase as the temperature increases. This may be explained by a possible breaking up of the associations between like and unlike molecules in the mixture as the temperature increases, which produces an expansion in the mixture volume and makes more positive the V E values.
Knowledge of the volumetric properties is of great interest for a better comprehension
of intermolecular interactions in liquid mixtures. The volumetric properties at infinite dilution, especially, are more informative concerning the solute-solvent interactions in these mixtures.
As it can be seen in Tables 4 and 5, 
Analysis in terms of the Prigogine-Flory-Patterson theory (PFP model)
Prediction of excess molar volumes, for the presently investigated binary mixtures, was carried out by the Prigogine-Flory-Patterson theory (PFP model) [1] [2] [3] [4] [5] in order to test this model. From the PFP model, the excess molar volume V E expression is given by:
Ṽ , is the reduced volume of the solution, and is estimated in eq (13) by:
Where the molecular contact energy fractions,
The hard-core volume fractions, 1  and 2  , given by:
Where the ratios
The reduced volume, i Ṽ , of a constituent i, is given by:
The characteristic pressure and volume,
Where the isothermal compressibility i T  of a constituent i is given by:
The values of the parameters, 
The Newton-Laplace equation was used to estimate the isentropic compressibility values, κ S , for pure components: Table 8 . The interchange parameter, χ 12 , was derived by fitting the V E expression (eq 13) to our experimental V E values, at T= 298.15 K. The adjusted values of χ 12 and the calculated three contributions to the V E values at equimolar fraction, are reported in Table 9 . It appears, from this table, that the interactional contribution value is negative for the two systems and is predominant in the case of 1,4-dioxane containing mixture. Graphical comparison of experiment with PFP calculation is given in Fig. 6 , for 1,4dioxane + 1,1,2,2-tetrachloroethane mixture, and in Fig. 7 , for 1,1,2,2-tetrachloroethane + 2propanol. One can be seen that the agreement is acceptable for 1,1,2,2-tetrachloroethane + 1,4-dioxane whereas the PFP model was failed for 1,1,2,2-tetrachloroethane + 2-propanol.
Conclusion
Densities and excess molar volumes for 1,4-dioxane + 2-propanol + 1,1,2,2tetrachloroethane ternary mixture and constituent binaries were determined over the whole composition range, at four temperatures inside T = (288.15 to 318.15) K. 1,1,2,2-tetrachoroethane containing binary mixtures presents negative V E values, over the whole composition and temperature ranges, with the 1,4-dioxane, and present sigmoidal-V E curves with 2-propanol. As the temperature increases, the V E magnitude for 1,4-dioxane containing binary mixtures decreases with 1,1,2,2-tetrachoroethane and increases with 2-propanol, The 
Table 4 (to be continued) , for 1,4-Dioxane (1) + 2-Propanol, + 1,1,2,2-Tetrachloroethane (2), and 2-Propanol (1) + 1,1,2,2-Tetrachloroethane (2) at Temperature T = (288.15 and 318.15) K. 
